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A detailed study of piperidinolysis and hexylaminolysis of O-(2,4-dinitrophenyl) benzophenone
oxime, O-(2,4-dinitrophenyl)-p-chlorobenzophenone oxime and O-(2,4-dinitrophenyl)-p-bromobenzo-
phenone oxime in cyclohexane at different temperatures has been undertaken. The piperidinolysis
reactions show a third order dependence on amine and inverse temperature effect. The analysis of data
indicates that the reactions proceed through two routes; the rate of first route increases and of the second
route decreases with temperature. The overall rate kA shows inverse temperature effect due to
predominating effect of the second route. The results support the Jack Hirst's concept of reaction
mechanism in nonpolar solvents. In contrast to piperidinolysis, n-hexylaminolysis reactions show only a
second order dependence on amine which has been explained to be due to lesser stability of hydrogen
bonded homoconjugate acid BIrB involving long chain hexylamine molecules.
Aminolysis reactions of nitroactivated substrates
have been studied both in dipolar and non polar
solvents. These reactions are generally base-
catalysed in dipolar solvents and show a second
order dependence on amine. The involvement of
second molecule in catalysis has been explained in
terms of a two-step mechanism proposed by
Bunnett et al.r". However, similar reactions in
nonpolar solvents such as benzene'", toluene" and
cyclohexane'" show a behaviour different from the
reactions in dipolar solvents mainly in two
respects: (i) third order dependence on amine and
(ii) inverse temperature effect. These unusual
features have been accounted in terms of various
reaction mechanismsv':", which involve generally
two routes. Although the studies so far reported
show that overall rate (kJ generally decreases with
temperature, no detailed efforts have been
undertaken to study the effect of temperature on
the rates of separate routes. This is important
because knowledge of the temperature dependence
of separate routes may throw light on reaction
mechanism. We have therefore, carried out a
detailed study of piperidinolysis . of three
substrates, 0-(2,4-dinitrophenyl) benzophenone
oxime 1, 0-(2,4-dinitrophenyl)-p-chlorobenzo-
phenoneoxime 2 and 0-(2,4-dinitrophenyl)-p-
bromobenzophenone oxime 3 in cyclohexane at
different temperatures. The data have been
analysed to know the temperature dependence of
the rates of two routes involved which show that
the rate of the first route increases with
temperature and that of the second decreases.
Further hexylaminolysis of the substrates 1-3 has
also been undertaken in order to elucidate the
effect of nature of amine on the reaction
mechanism.
Materials and Methods
Cyclohexane (E. Merck) was purified by
standard method. Piperidine (Riedel de Haen) and
hexylamine (Fluka) were of high purity and used
after distillation and verification of boiling point.
Cyc1ohexane, piperidine and hexylamine were
stored over 4A Linde type molecular sieves.
Substrates were prepared following the previously
published procedures described for other 0-
substituted oximes":". Stock solutions of
substrates and amines were used within 24 hr. To
characterise the aminolysis products authentic
samples were prepared by reacting 2,4-
dinitrochlorobenzene with amines. After the
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completion of reactions under investigation, TLC
and spectral data of the reaction mixtures were
analysed and found to match with those of
authentic samples. TLC studies were carried out
using aqeuous methanol.
The kinetic runs were carried out under pseudo
first-order condition by maintaining amine
concentration atleast 100 times than that of the
substrate. The reactions were monitored by
measuring the absorbance of aminolysis products
at different time intervals at 372 and 350 nm, the
absorption maxima (y of piperidinolysis and
hexylaminolysis products, respectively, on a
Shimadzu UV -160A spectrophotometer fitted with
a thermostatted multicell compartment. The values
of pseudo first-order rate coefficients (ko) were
calculated numerically by least squares method
on a Meera PCI AT 286-20 from the plots of
10g(A,.,-A/) versus time where A,., and ~ are the
absorbances at infinite and time t, respectively.
Kinetic runs showing correlation coefficient less
than 0.999 were rejected. Rate coefficients were
reproducible within ± 3%.
Results and Discussion
Piperidinolysis of O-aryl oximes. A light
yellow product, N-(2,4-dinitropnenyl)piperidine is
produced on the reaction of piperidine with all the
substrates. The reactions are first order in substrate
and show a higher order-dependence on amine.
Second order rate coefficients (kA) obtained by
dividing ko by piperidine concentration are given in
Table I. The reaction rates for these substrates are
in the order 3>2>1, which can be explained on the
basis of leaving group departure ability. The
expulsion of leaving group involves the breaking
of C-O bond which imparts negative charge on
oxygen. The departure of oximate ion is facilitated
as a result of delocalization of the negative charge
towards the benzene rings of oxime moiety
through conjugation. More is the delocalization,
better would be the leaving group. Any substituent
on the benzene ring which helps in delocalization,
would thus make the leaving group better.
Therefore, the halogen substituted substrates 2 and
3 would have higher rates compared to 1. As the
electron withdrawing effect of halogens" (due to
combined mesomeric and inductive effect) is in the
order Br>CI, the rates should be in the order
3>2>1. The plots (Figure I) of kA versus piperidine
concentration are curvilinear in nature, concave
towards rate axis and pass through the origin.
These plots thus indicate that reactions are wholly
base-catalysed and the order with respect to amine
is greater than two i.e., a mixed order compatible
with a concurrent second- and third-order paths
with respect to piperidine. The results can be
analysed in terms of Jack Hirst's mechanism? given
Table I-Values of second order rate coefficient (kAX 104/mol-1 dm' S-I) for the reactions of piperidine and hexylamine with
O-aryl oximes 1-3 in cyclohexane at different temperatures ([substrate] = 4.0x I0-5 mol drn')
I02[Amine ]/
mol dm? 1 2 3
20°C 300C 400C 200C 300C 400C 200C 300C 400C
Piperidinolysis
15 0.39 0.37 0.34 0.55 0.51 0.47 0.85 0.79 0.75
20 0.63 0.60 0.51 1.11 0.86 0.68 1.40 1.25 1.10
25 0.97 0.85 0.73 1.53 1.15 0.96 1.99 1.77 1.59
30 1.33 1.18 0.97 2.12 1.58 1.35 2.82 2.46 2.11
35 1.77 1.45 1.24 2.77 2.07 1.72 3.68 3.19 2.72
40 2.26 1.86 1.56 3.49 2.69 2.04 4.71 4.00 3.84
Hexylaminolysis
10 1.32 1.63 2.00 2.03 2.46 2.73 3.00 3.48 4.23
15 1.98 2.55 3.02 3.17 3.34 4.05 4.42 5.50 6.35
20 2.65 3.28 3.98 3.99 4.91 5.76 6.10 7.00 8.57
25 3.40 4.03 5.10 5.10 6.30 7.01 7.26 8.69 9.27
30 4.10 5.00 5.82 6.00 7.07 7.66 8.61 9.43 10.90
35 4.35 5.32 6.43 6.45 7.69 8.32 9.22 10.5 11.4
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Figue I-Plots ~f kA versus [piperidine] for aminolysis of 0-
ary oximes I (-0 -), 2(--6-) and 3(-+--) in cyclohexane at
200C
in Scheme I which involves electrophilic catalysis
by conjugate and homoconjugate acids. By
applying steady state assumption to this
mechanism, equation (1) is obtained".
kA = k, (kBKB[B]+kDKDKB[B]2) ... (1)
k_, +kBKB[B]+koKDKB[Bf
where B is a nucleophile. Hence,
K - [II][BH+]
B - [I][B]
and for equilibria BH++B~BH+a
K _ [BH+B]
D - [BH+][B]
When k_,»kBKB[B]+koKoKB[B]2, Equation (1)
is reduced to Equation (2)
kA = k,kBKB[B] + k,kDKDKB[B]2 (2)
k_, k.,
kA=k' [B]+k" [B]2 (3)
or
kA[Br'=k '+k" [B]
The plots of kA[BlI versus [B] should be linear
following equation (4) and such plots have been
obtained for piperidinolysis of 1-3 and are shown
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.were also obtained at 30°C and 40°C. The values
of k' and k", the apparent third and fourth order
catalytic rate.coefficients were computed from the
intercepts and slopes of these plots, respectively
and are given in Table II. It is seen that the ratio
k" lk' decreases from substrate 1to 3 indicating that
the extent of reaction proceeding through route 'b'
decreases and that through route 'a' increases as
the departure ability of leaving group improves.
The homoconjugate acid BH+a appears to be a
better electrophile compared to conjugate acid BH+
because after donating a proton, the state B-B is
stabilized as a result of hydrogen bonding" Thus,
the departure of poorer leaving group is facilitated
better by BH+a as compared to BW leading to
k"Ik' values being in the order 1>2>3.
Temperature effect. It is seen from Table II
that the value of k" decreases with' the rise in
I temperature. This inverse temperature effect is due
to involvement of hydrogen bonded species BH+a
in catalytic route 'b', As hydrogen bonds are less
stable at higher temperatures, the homoconjugate
BWB tenos to breakdown on raising temperature
leading to decrease in the value of kD which
diminishes k", On the other hand, the effect of
temperature is normal on k , i.e. it increases with
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Table II-Values of third order catalytic rate coefficient (k'fdrn6mol-2s-l) and fourth order catalytic rate coefficient
(k"fdm9mol-3s-l) for aminolysis of O-aryl oximes 1-3 in cyclohexane at different temperatures
Amine Substrate 200C 300C 400C
to·k' !o.k" k"fk' to·k' !o.k" k"fk' !o.k' !O.k" . k"fk'
dm) mol" dm' mol" drrr'mol"
1 0.7 12.0 17.1 0.8 7.5 9.4 1.0 5.5 5.5
2 1.3 19.2 14.8 1.5 12.6 8.4 1.8 8.6 4.8
3 2.0 25.5 12.8 2.4 17.5 7.3 2.9 13.0 4.5
1 14.0 16.5 21.0
2 20.3 24.9 28.3 -,
3 31.5 35.5 41.5 - ,
Piperidine
Hexylamine
the rise in temperature. This indicates the
participation of nonhydrogen bonded species BW
in the catalytic route' a'. The effect of temperature
on the overall rate kA is governed by the equation
(3), which shows that the contribution of two
routes to the overall rate depends upon the values
of ~ and k", The contribution of route 'b' to the
overall rate decreases and of route 'a' increases due
to decreases and increase in the values of k" and
k', respectively on raising temperature. As the
values of k" are relatively much higher than k', the
rate decreasing effect predominates and a decrease
in the overall rate is observed.
The opposite response of two routes to the rise
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Figure 2-Plots of kA[B)'1 versus [piperidine] for aminolysis
of O-aryl oximes 1 (-0 -), 2(,1-) and 3( -t--) in cyclohexane
at200C
The other two mechanisms, viz. Nudelman's
dirner" . and Banjoko's cyclic transition state?
mechanism also invoke two routes. As hydrogen
bonded species are involved in both these routes,
their separate rates should decrease with rise in
temperature. Thus, our results are not in agreement
with Nudelman's and Banjoko's mechanism. The
thermodynamic parameters for the separate routes
as well as for the overall reaction have been
calculated from the temperature effect on k', k"
and the overall rate kA- As kA is a function of
piperidine concentration, the overall
thermodynamic parameters reported here, are
calculated using kA values at O.15M piperidine
concentration. The energy.of activation values for
route 'a' are positive and show a normal pattern.
Their order 1>2>3 is consistent with the reaction
.rate being in the order 3>2>1, i.e. the reaction with
a lesser rate expectedly having higher energy of
activation. The overall energy of activation and
energy of activation for route 'b' are both negative
which is an unusual behaviour and gives the
overwhelming evidence for a multistep process
that includes the hydrogen bonded species BH13.
The entropy of activation values are in line with
the mechanism used. The negative Mt values
indicate an ordered and crowded transition state.
Further, it is seen that Mt values for route 'b' are
more negative compared to those for route 'a'
which shows that transition state involved in route
'b' becomes relatively more crowded as a result of
attack by BH13 rather than BH+.
Hexylaminolysis of O-aryl oximes. The O-aryl
oximes 1-3 react with n-hexylamine to give a light
yellow coloured substitution product, N-(2,4-
dinitrophenyl)hexylamine. The reactions are first
order in substrate and exhibit a second order
1136 INDIAN J CHEM, SEC. B, DECEMBER 1997
dependence on amine. The values of kA for all the
substrates are given in Table I and follow the order
3>2> 1, which is parallel to that observed for
piperidinolysis. The plots of kA versus hexylamine
concentration at 20°C are shown in Figure 3. The
plots at 300C and 400C are also similar. The plots
are linear and pass through the origin with a slight ,. III
curvature at higher amine concentrations. This
behaviour indicates that the reactions are wholly
base-catalysed and involve only one molecule of
amine in catalytic step. Thus, in Scheme I, the
reaction through route 'b' is not occurring and
proceeds through route 'a' only. As such for




In the limiting condition k_I»kaKB[B], equation






The initial linear portions of the plots (Figure 3),
therefore, conform to equation (6) and the values
of It were computed from the slopes of the linear
portions and are given in Table II. The small
curvature at higher base concentrations indicates
that now the condition k.1»kaKB[B] tends to break
down and instead of equation (6), equation (5)
holds good. This situation arises owing to the
formation of substantial amount of equilibrated
species at higher amine concentrations.
The hexylaminolysis of O-aryl o:ximes is
different from piperidinolysis as in former the
electrophilic catalysis takes place only by
conjugate acid BH+ rather than both BH+ and
BH+B. As the hydrogen bonding is a weaker
interaction, it is not able to stabilize BH+B of long
chain hexylamine molecules. Thus, BH+a of
hexylamine is not formed in any appreciable
amount and therefore catalysis by them is not
observed.
Temperature effect. The effect of temperature
on hexylaminolysis of 1-3 is normal as It increases
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Figure 3--·Plots of kA versus [hexylamine) for aminolysis of
O-aryl oximes 1(-8-), 2(-t1-) and 3(- +-) in cyclohexane at
200e
hydrogen bonded species are involved in the rate
determining step. The variation· of It with
temperature has been used to calculate the energy
of activation and other thermodynamic parameters.
The energy of activation values are positive as
usual and higher for substrates having lesser rates.
The energy of activation and other thermodynamic
parameters are comparable to the corresponding
values obtained for piperidinolysis proceeding
through route 'a' (Table III). This is expected as
both piperidine and hexylamine have similar
basicities 14 and mechanism involved in
hexylaminolysis and that of route 'a' of
piperidinolysis are same.
Con~lusion
It is concluded. from the present investigations
that (i) reactions in nonpolar 'solvents proceed
thro .igh two routes; first involves catalysis by
nonhydrogen bonded species BH+ and second by
hydrogen bonded species BH+B. As such the
temperature effect on the two routes is opposite,
the' fi~st route showing an increase and the second
a decrease with rise in temperature and (ii) the
mechanism depends upon the nature of amines
which affects the stability of homoconjugate acids.
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Table III-Values of energy of activation and thermodynamic parameters for piperidinolysis and hexylaminolysis of
1-3 in cyclohexane at 200C
E. -ss:
kJmol" J mol" deg"















































With long chain amines the homoconjugates are
not stable and the reaction, therefore, shows only
the second order dependence rather than third
order dependence on amine.
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